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Continuum crystal plasticity – Deformation
mechanisms

Slip systems: {111} 〈110〉

Schmid Law : τ s = σ∼ : m∼
s = τc

ε̇∼
p =

12∑
s=1

m∼
s γ̇s

m∼
s =

1

2
(ls ⊗ ns + ns ⊗ ls)

ls : slip direction

ns : normal to the slip plane
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Lattice rotation

F p
~

F
~

e

F
~

F∼ = F∼
eF∼

p

Ḟ∼
pF∼

p−1 =
N∑

s=1

γ̇s ls ⊗ ns

Lattice rotation:

φ = arccos

(
tr
(
R∼
)
− 1

2

)

with F∼
e = R∼U∼
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Validity of the continuum approach

Tension-LCF

Torsion

Anisothermal Fatigue

Structures

Turbine blase

→ Single crystal

nickel–base superalloy
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Yield surface
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Field equation for balance of momentum

divσ∼ =
∂σij

∂xi
= 0

Cartesian stress components as functions of cylindrical
coorodinates (r , θ) : {

x1 = r cos θ
x2 = r sin θ

divσ∼ =
∂σij

∂r

∂r

∂xi
+

∂σij

∂θ

∂θ

∂xi
= 0

− lim
r→0

(
∂σ11

∂θ

)
sin θ + lim

r→0

(
∂σ12

∂θ

)
cos θ = 0

− lim
r→0

(
∂σ12

∂θ

)
sin θ + lim

r→0

(
∂σ22

∂θ

)
cos θ = 0
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Field equation for balance of momentum
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constant in sectors
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Field equation for balance of momentum

Discontinuity conditions: tan 2θ = 2
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A systematic derivation method
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Experimental work

[Cho, 1991] [Li, 1991] [Shield, 1994, 1996] [Crone, 2001]

Procedures :

1 four–point bending test
2 aluminium/copper
3 interfrometry

Observations :

1 slip lines at the free surface
2 sectors
3 displacement field measurement
4 strain field at the free surface
5 lattice orientation field at the free surface
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Experimental approach

Mechanical testing

1 CT specimen
2 Pre–cracking at 650oC

decreasing ∆K
R=0.1

3 Polishing
4 Monotonous tension at 20oC

Observation means

1 Optical-SEM (indexing slip planes)
2 Roughness measurement (out–of–plane displacement)
3 EBSD - Lattice rotation
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Crack path C
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Crack path K

pre–cracking at 650oC

monotonic loading at 20oC

observation of the strain field

cyclic loading at 20oC

observation of the crack path
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Conclusions

The continuum approach can be applied at the crack tip
providing that :

real crystal orientation
3D computation
introduce work–hardening

But :

crack orientation �(001)[100] is more complex (number of
activated slip systems)

New aspects:

Observation of the existence of kink bands
Cube slip lines were not confirmed −→ additional tests
Impact of straint localization at the crack tip of subsequent
crack growth
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Studied crack orientations
Name
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C

Orientation
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